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THE work that forms the basis of this report wae undertaken with a 
view to obtaining a transparent, steriliaable medium upon which the 
gonococcus would grow with such freedom that the preparation of 
vaccines would become a relatively simple matter. 

It ie well known that the ordinary nutrient media are not suit- 
able for such purpoeee. It k true that Thalmann (1900 ’9 waa able 
to obtain growth of the organism on ordinary nutrient media brought 
to a special reaction. Picker (1906 u), Vannod (1907 and 
Wollstein (1 9 0 7 98) were eucceeaful in obtaining growth on Thalmann’e 
medium, but the two latter e h t e  that the best results are always 
obtained on serum media. Other workers have found Thalmann’s 
agar unarrtisfactory even for subcultures, and the uee of a nutrient 
agar enriched by the addition of aterile serum, Werthoim (1891 e4), 

blood, Abel(l893 l), or aecitic fluid has become general as the atandad 
method for the cultivation of the gonococcus in the laboratory. It is 
possible that the differenwe in opinion held by various workers on the 
suitability of relatively simple media may be partially dne to the 
biological variations in the atrain. Broughton Allcock (1 9 15 3, 

records one case in ten in which the organism grew readily on plain 
agar. We have isolated a Gram-negative diplococcus from the 
urethral diecharge which we imagined was the gonococcus until we 
found that it fermented cane-sugar and maltoae. It grows with fair 
freedom on ordinary nutrient agar. 

The adoption of media containing unheated eem, etc, was origin- 
ally based on the idea that the gonococcue like other w a l l e d  
‘ I  delicate ” organiems, required some special protein for its metabolism. 
This view hae been dieproved for the meningococcus by Jordan Lloyd 
(1 9 1 6  13) and by Flack (1 9 16  8). The undoubted value of fresh blood, 
etc., as an addition to a nutrient meditim has been shown by these workem 
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to be due to certain speoial substances which may possibly prove to 
be the same aa the “ growth hormona ” deacribed by Hopkins (1 9 1 2  le). 

These are generally known by the convenient but misleading name of 
‘‘ vitamines,” introduced by Funk (1  9 1 2  g), who was, however, mainly 
dealing with curative substances. 

The results of our researches lead us to believe that there are 
three important factors concerned in the growth of the gonococcus, 
namely- 

1. The concentration of hydrogen-ions, ie., the “ reaction.” 
2. The concentration of amino-acids. 
3. The presence of certain growth hormones or ‘‘ vitamines.” 

The influence of each of these is discussed below. 
Before we discuss them we think i t  desirable to mention the fact 

that the suitability of an agar medium for the growth of tho gono- 
coccus cannot be readily tested by heavy sowing from a previous 
culture. In the course of our experiments we have prepared a large 
number of media which when tested in this way appear to be more or 
less satisfactory. But certain of these are quite useless for the pro- 
pagation of a strain if this be sown from a dilution in saline or broth. 
Examples of this are given in Experimente 3 and 5 .  The same 
result was obtained by Jordan Lloyd (1 9 1 6  13) with the meningococcus. 
The probable explanation is that in “ direct ” sowing the third factor 
mentioned is supplied to the medium by the autolysie of the greater 
proportion of the cocci. Should the medium be satisfactory a8 regards 
the other two factors more or leas growth will ensue. This complica- 
tion is eliminated in “ dilution ” aowings. In confirmation of this we 
find that media which are presumably rich in the growth hormones 
give large numbers of colonies when sown from emulsions, provided 
that the other conditions are satisfactory. 

In describing our experiments the ternis “ direct ” and “ dilution ” 
are used to designate the particular method of sowing employed. 

THE OPTIMUM REACTION FOR THE aONOCOCCUS. 

Vannod (1906eD) in 1906 drew attention to the two schools of 
thought on the subject of the influence of reaction on the cultivation 
of the gonococcus. Thalmann (1900 19) and hie followers insist on 
the paramount importance of reaction, whilst Wildbolz (1902 %), 

Wertheirn (1891 9, etc., state that within certain limits it is a matter 
of small significance. 

It is obvious on reading the literature that much confusion has 
arisen on the question of the meaning of the “ reaction ” of a fluid. 
In the older writings “reaction ” refers to the titre of a medium e0 
some indicator, whereas it is now known that the significant factor for 
the growth of a specific organism is the actual concentration of 
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hydrogen-ions in its environment. The standamlieation of reaction by 
means of a simple titration against an indicator, apparently arbitrarily 
chosen by each worker, cannot give uniformity of results. Such a 
method ignores the influence of the “ buffer ” content which can cause 
marked variation in the H-ion concentrations of the “ adjneted ” media, 
even though the titration values may be identical. 

It should be noted that Thalmann and Vannod, wing plain 
nutrient agar, were dealing with a medium having a low buffer 
content. Wildbolz, Wertheim, etc., by the addition of as  much (LS 

26 per cent. of mrum, employed a medium in which the buffer content 
waa relatively high. Theee workers, therefore, could make large 
variations in the titration value without materially affecting the H-ion 
concentration, whereaa in Thalmann’s medium similar changes in the 
titration value would correspond to relatively large alterations in P,. 
In our own experiments we have ueed mediu adjusted to a definite 
hydrogen-ion concentration. The method we have adopted for the 
standardisation of liquid media is that of colorimetric comparison 
against standard buffer solutions. The technique employed ie that 
dwribed by Cole and Onslow (1916 ”>. We have used the same 
method for the adjuatment of our d i d  media, though the colour com- 
pariaon is more di5cult owing to the slight opacity characteristic of 
agar gels. Moreover, as the agar needs to be repeatedly melted for 
the addition of the alkali and cooled again to room temperature for 
the colour cornpariaon the method becomes tedious. We therefore use 
an indirect method for our tryptamine-blood-extract agar. We titrate 
a diluted agar to P, = 8.4, the buffer content of the medium and its 
titration curve being known, the original Y, of the agar and the 
amount of alkali necessary to bring it to any desired P, are readily 
determined. 

Our results show that the importance of the reaction is affected to 
a remarkable degree by the composition of the medium. 

In relatively simple media it is of great importance; in media 
rich in the epecial growth substances referred to below good growth is 
obtained over a comparatively wide range of reaction. 

Other conditions being favourable, growth can be obtained over a 
range of reaction Pa = 6.5 to P, = 9.1, with a mean optimum value 
of P, = 7.6. Other conditions being unfavourable, growth c8n only be 
obtained a t  about P,=?-5 to 7.8. It might be noted at  thia point 
that Thalmann wee a medium which is relatively poor in a t  any rate 
one class of the special growth hormones, when compared with 
Wildbolz and Wertheim’s media which contain large quantitiea of 
serum or m i t i c  fluid. This deficiency, as well aa the low buffer 
content already mentioned, may help to limit the poeaibility of growth 
on Thalmann’~ medium to a very narrow range of reaction, whereaa 
Wildbolz and Wertheim, etc., with a medium of higher buffer content 
and rich in the special growth hormones, are able to obtain growth 

Details of the method are given below. 
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over a much wider range of ‘( reaction,” measured either by the con- 
centration of the H-ions, or by the titration values. 

Our results with our “ T.B.E. agars ” (described below) of varying 
reactions show some interesting features which we are not yet in a 
position to explain. It must firet be noted that the optimum P, 
varies with the strain and is, in fact, a characteristic of it. Further, 
that the results obtained vary markedly with the duration of the incuba- 
tion, so that the orientation of a series examined after twenty-four hours 
may be strikingly diff6rent from that after eeventy-two hours. The 
growths on the tubes alkaline to P, = 7.6 become transparent after 
twenty-four hours, and are barely visible after seventy-eight houra 
On the other hand, the growths on the tubes acid to this become more 
and more opaque. The maximum viability ia on the slopes at  about 
P,, = 7.6,  though the differences are not so great as the appearances 
would lead one to expect. 

The effect of reaction on the initial growth, ie., on the number of 
colonies developing from a dilution sowing, is best seen by iuoculating 
the slopes from an emulsion of a culture two or three days old. I t  
varies with the strain, but the optimum on T.B.E. agar usually lies 
between I?, = 7.0 and 8.4. For general utility purpose8 we consider 
that the best results are obtained at  P, = 7.6, and we have accordingly 
adopted this as our standard. We are confirmed in this by uoting a 
distinctly greater viability in our liquid media adjusted to this reaction 
over those acid or alkaline to it. It is a matter of some interest that 
after our experiences had indicated this to be the mean optimum, we 
prepared Thalmann’s medium and titrated i t  according to hie special 
directions. On taking the reaction by the method of colorimetric 
comparison we were not surprised to find that it was very near to 

It i R  of some interest from n theoretical point of view to consider 
how variations in hydrogen-ion concentration mu affect the rate and 
extent of growth of an organism. It is probable that the effects are 
very complex and that the optimum may vary with the nature of the 
medium. Taking the relatively simple case of an organisiii in  a 
medium which contains an abundance of all the substances immedi- 
ately necessary for growth, the changes in the hydrogen-ion concentra- 
tion might cause variations in the permeability of the cell and might 
also affect the velocity of the various reactions concerned in sgnthesia 
Thus some particular P, might be optimal. In many media, however, 
the essential substances are only present initially in a very low con- 
centration. They are rapidly exhausted by the developing organisms, 
which produce a further supply of assimilable food stuffs by the action 
of enzymes formed during the growth. It may happen that the 
optimal P, for the action of these enzymes is not identical with that 
for synthesis. So the actual optimal reaction of the medium may be 
a mean between these and may gradually change as growth proceeds, 

P, = 7.6. 
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and this depends more and more on the necessary enzymatic degrada- 
tion of complex materials. 

Further, we must consider the question of the autolysis of tlie 
organisms themselves. In  the case of the parasitic cocci this seems to 
be of considerable importance, and we seem to have obtained evidence 
in the case of the gonococcus that it proceeds more readily if the 
media be alkaline to what we consider to be the mean optimum. 
Thus it may follow that the optimum P, for viability may differ from 
that for initial growth. 

When one considere the great variety of the reactions that must 
take place in the cell and ita environment i t  is unreaaonable to expect 
that these should have the same optimal P,. It is possible that a 
careful study of the effect of change; of reaction on the production of 
toxines and on the antigenic values of vaccinea might lead to valuable 
results. 

Glo. 
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37 
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Experiment 1.-The Effect of Variatwne of Reaction. 
Medium employed was our T.B.E. agar (w below). 

'' Dilution Sowings." i I culturea examined after Twenty-four 
I I  how'  Incubation. 
I I I 

9 train. I 
Pa. 

+ +  + +  + 0 0 
0 0 

0 0 
( + I  + + + +  + + +  + + + +  + + + +  + +  + + +  
( + I  0 

0 0 

0 + + + +  + + +  + + +  + +  
(;I 

Explanation of S i p  in all expenmenta : 
0 =No growth. (+ ) =Slight growth. + =Fair growth. + + =Good Orowth. 

QD =Colonies too + + + =Very good growth. 
nurncroua to count. 

+ + + + =Heavy growth. 

srpsrimsat %-The Effect of VariatioM of Reaction. 
Medium employed was our T.B.E agar (ree below). Cnltnree examined after forty- 

Pigurea give number of ooloniea obtained from emulsions of forty- eight hours. 
eight-hour cultures. 
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THE INFLUENCE OF AMINO-ACIDS. 

The effect of these substances on the growth of the go~iococcus 
has, as far as we are aware, not previously been studied. Their 
importance and significance in mammalian metabolism has now been 
well established, but the knowledge so obtained has only been applied 
to bacteriological problems to a vcry limited extent. Bainbridge 
(1911 2, has shown that pure proteins cannot serve as nitrogenoue 
food substances for bacteria, even of the putrefying type. Sperry and 
Ibttger (1 9 1  5 I*), and Rettger, Berman, and Sturgea (1 9 1 6  16) have 
extended these observations, and have found that even such relatively 
simple bodies as the peptones are not directly available. The recog- 
nised value of the addition of “peptone” to a nutrient medium is 
almost entirely due to the fact that all commercial samples contain 
small amounts of amino-acids in the free state, which are directly 
available for assimilation. Further growth is maintained on the 
amino-acids slowly liberuted from the peptones and polypeptides by 
the action of bacterial enzymes. 

Cole and Onslow (1916 G, have described a medium containing an 
abundance of free amino-acids. It is prepared by digesting caaein 
with a powerful tryptic ferment for several daye. The ‘I stock broth ” 
described by them was the source of supply of amino-acids used by ua 
in our studios of the gonococcus.’ We use the name tiyptanbine for 
this mixture. 

On such media Cole and Onelow working with the typhoid-colon 
group obtained a luxuriance. of growth that waa not to be approached 
with nutrient peptone. The agar prepared from I‘ tryptaniine ” was 
found by them and by Jordan Lloyd (19 16  13) to be excellent for the 
propagation of laboratory strains of the meningocwcus. Jordan 
Lloyd has further shown that the concentration of amino-acids is an 
important factor in the ability of the meningococcus to grow on media 
deficient in the special growth factors. It therefore Reemed possible 
that the me of such a medium might facilitate the culture of the 
gonococcus. 

Of more than 
twenty strains that we have isolated and maintained for considerable 
periods in cultivation none grow on the plain tryptamine agar adjusted 
to P,, = 7.6, whcn sown from a dilution. On the other hand, all our 
strains show more or less growth on tryptamine agar when sown 
direct. The amount of surface covered by the growth is small com- 
pared with that on the tryptamine-blood-extract agar, but the density 
of the growth is about the same. We can therefore conclude that 
tryptamine serves as a basis for growth, provided that the accessory 
growth fuctors are present in the medium or are supplied by the 

l A concentrated solution of the “stock broth ” is being prepared by Measrs. Baird and 

Our results with this medium are quite definite. 

Tatlock, and mill Bhortly be on the market under the name of “Tryptamine.” 
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%. 

autolysie of the maw of organisms transferred in a direct sowing. 
The striking difference between laboratory strains of gonococcus and 
meningococcus in dilution sowings on “ tryptamine ” agar is of some 
interest. 

In the preaence of the growth hormones the influence of amino- 
acids is most marked, and we consider that it is eseential to a satis- 
factory medium to have a fair proportion of these substances preeent. 
“Pepbone” may powibly contain a certain amount of the growth 
hormones, but it is 80 deficient in free amino-acids that it is compare- 
tively inefficient as a basis for nutrient media for such delicate organ- 
isms as the gonococcus. The great improvement effected by the addition 
of tryptamine is characteristically shown in Experiments 3 and 4. 

%. 

-ant 3.--The Injwnce of dminoacids on Agar Media. 

djnattd to Pa = 7.6. 
Slopes examined after twentyfour hours’ incubation. A11 the mdia  were 

Meat-peptone. . . .  
9 ,  +tryptu~iine . 

blood extraot ) 
,, +blood extract + tryptamine + 9, 

Tryptamine agar 
Trypbmine + blood’ex&t 

( + I  + + +  + + +  
+ + +  
+ +  + + +  

~0 

, 70 , I  

400 

25 colonies 

0 
00 colonia 

0 + + +  
+ + +  
+ + +  

... 

( + I  

0 
0 

100 coloniu, 
0 

100 colonies 

... 

Expsriment C-InJhence of. A m i d 6  on Broth Medab. 
Emulsions in tryptamine broths wwn into the various broths. A loop of them dil- 

Broths incubated for twenty-four houra utions sown on to T.B.E. s l o p  at once. 
and another loop mwn on to T.B.E. slopes. 

Average number of colonies origixully obtained per loop 
Number obtained per loop after twentyfour hours’ incub;- 

,,+tr trmine . . . . . .  
I ,  +bloodextrao~(Tk.E.) . . . .  

tion- 
Meat-peptone-broth . . . . . . .  
T&hnine bmg.  . . . . .  

6 

0 
m 
0 
m 

60 

160 

0 
00 

aD 

THE EFFECT OF n I E  SPECIAL ( ~ H O W T I X  HORMONES. 

As indicated in the previous sections, agar, even though rich in 
amino-acids, is only suitable for the growth of the gonococcus, pro- 
vided that there be present certain special substances which we have 
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referred to BB the “growth hormones.” The influence of these sub- 
stances on the growth of the meuingococcus has been clearly demon- 
strated by Jordan Lloyd (1916 ls) and by Flack (1916 8). The 
medium employed by the former waa prepared by adding defibrinated 
bullock’s blood to an amino-acid agar, coagulating in the steamer and 
removing the clot by straining through glass wool. This medium 
eerved admirably for the propagation of both primary and secondary 
strains of the meningococcus, whereas if the medium was cleared in 
the ordinary way by filtration through paper, it lost its special qualities 
and WBS no more serviceable than the simple blood-free medium. It 
is clear that some special material is derived from tho blood which is 
readily removed by adsorption on to the surface of filter paper. The 
same worker has also shown that the special substance or substances 
are soluble in alcohol. 

We have found that the mediuni described by Jordan Lloyd for 
the meningococcus, with certnin modifications as to reaction, salt 
content, etc., gives good growth of the gonococcus both in primary and 
secondary cultures. When filtered through paper i t  liss the same 
nutritional value for the gonococcus as that described above for plain 
tryptamine agar. It is probable that the material that is removed in 
this way and which is necesmry for the primary and secondary culture 
of the gonococcus is the same in both cases. 

There is at present no proof that theso special substances are the 
same in a chemical seuee as those originally described by Hopkius 
(1912 12), Our belief that they are of the same nature rests upon 
certain similar physical properties the most striking of which is the 
ease of adsorption referred to above. The effect on the growth of the 
gonococcus of the filtration of our medium through paper and glass 
wool respectively is seen in Experiment 9. 

It might be expected from this experiment that the vitamines could 
be obtained in liquid media by coagulating blood and removing the pre- 
cipitate by g l i ~ ~  wool or centrifuging. We find, however, after many 
experiments that such fluids, even with the addition of amino-acids, give 
little or no growth of the gonococcus. When the blood broth is heated 
the hormones appear to be adsorbed on to the protein coagulum, only 
insignificant traces remaining in the fluid. The striking difference 
between agar and broth media prepared in this way appeared to UE to 
be of considerable significance both from the theoretical and practical 
standpoint. When blood is added to a medium containing a colloid, 
like agar, i t  would seem that there is a distribution of the growth 
hormones between the agar and the blood colloids. On heating, the 
latter are coagulated and carry down a certain amount of the hormones, 
but the agar remaining in solution retains a considerable percentage. 
Should this agar be filtered through paper the introduction of a fresh 
surface causes a redistribution of the adsorbable substances with a 
consequent loss in the filtrate. It is a striking fact that n single 
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paper can remove practically all the growth hormones from an agar 
medium. This effect of the agar auggeeted to us the use of gelatin 
for the preparation of liquid media. When gelatin is added to blood 
and the mixture ie boiled, the colloidal gelatin acts like the colloidal 
agar in preventing the whole of the growth hormonea from being 
carried down with the heat coagulum. The separated jelly can then 
ea8ily be liquified by the action of trypain. The multing broth, after 
the addition of free amino-acida and the adjustment of the reaction, 
gives good growth for the gonococcus, aa ehown in Experiment 7. We 
have repeatedly confirmed euch a reault, and have applied the special 
technique to the preparation of the eplenic extracts deecribed below. 

It i6 possible that the blood extract contains more than one 
substance. We find that meat extract prepared in the ordinary way 
contains some material that incresses the growth of the gonococcus. 
This material is not appreciably removed from the fluid by filtration 
through paper. Moreover, when added to an amino-acid agar its 
effect is seen in the luxuriant development of each colony rather than 
the actual nu& of colonies which may appear on the surfaca of the 
elope. This appeara to be a reversal of the characteristics of the blood 
hormone, which stimulates an initial development of an enormone 
number of colonies but doea not induce subsequent growth to anything 
like the same extent aa in the case of the tissue extract. When both 
tieeue and blood extract are present in a medium, fewer colonies appeat 
than from an equal sowing on tryptamine-blood-extract agar, but the 
total growth is heavier. For this reason we always use the simple 
tryptamine-blood-extract agar for obtaining primary etraine and for 
ordinary laboratory propagation The tieaue-extract-typtne-blood- 
extract medium is only epecially advantapus if a heavy growth is 
required for eome special purpose, e.g., the preparation of vaccines. 

We have also experimented with kidney extracta and apleen 
extracta and find that they posseas the same proprtiea BB the meat 
extracts, to an equal, if not to a greater, extent. In the case of fluid 
media prepared in the manner described below, we have obtained con- 
sistently good results with extracts of the spleen, and employ that 
tieeue in preference to the othem 

Our experimente have led us to believe in the existence of two 
claeeee of epechl growth substances for the gonocowu- 

1. A readily-adeorbable subetance (A) present in blood corpueclee, 
which haa the epecial power of inducing initisl growth. 

2. A relatively non-adsorbable subetance (N) present in tieauea, 
whose chief characteristic is the power of inducing luxuriant secondary 
growth. 

It is probable that both these aubstancee are present in blood and 
tissues. The N sutatance is undoubtedly widely dietributed, and 
we have been able to obtain evidence of its existence in various 
vegetables BB well aa animal producte. 

19-L 01 ?AT&-VOL XXI. 
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,, i 200 ,, 
50 colonies 0 
a t  dry edge 
of slope 

The nature, properties, and metabolic significance of these subetancea 
are being investigated from various standpoints, a8 we consider that 
they may profoundly modify the attributea of many organisms. 

It is interesting to note that the special A substance is apparently 
absent from aheep’s serum. If mme defibrinated blood be centrifuged 
and the serum and corpuscles used separately for the preparation 
of agar, as described in the directions given below for the preparation 
of T.B.E. agar, that prepared from the corpuscles is rather better 
than that made from the whole blood. On the other hand, that made 
from the Berum ia only very slightly auperior to ordinary tryptamine 
agar, giving no growth when sown from a dilution, but good growth 
when sown direct. This ia shown in Experiment 8. 

Experiment b.-Tha InJuenee of Special Qrowth Hormonee. 
All media adjusted to P ~ = 7 * 6 .  

+++  
( + I  

I Gll. ‘‘ Dilution.” 

I Meat-peptone agar . . . . .  ( + I  
Meat-peptone agar +blood extract .  . . + +  

Tryptunine agar 
,, ,, + b l d  e x k c t ’  

,, ,, +bloodextract+ 
(T. B.E) 

spleen 8 ,  

0 
m colonies 

0 
100 colonier 

,, , I  

20 coloniea 
at dry edge 
of slope 

0 0 0 
colonies 1 500 colonies I + + + 1 I 

I 

Experiment &--The InpuCme of S’cicrl Growth Horn-. 

Expariment ’I.--I@~eme ?f &OW)tk H W W  and TisaM Extrad8. 
One loop of Emulaons sown into the various broths ; one loop of these m m  immedi- 

Broth8 inonbated for twenty-four honra, and another a b l y  on to T.B.E. s l o p .  
loop sown on to T. B.E. s l o p .  

Average number of ooloniee originslly I 

Number obtained 
obtained per loop 

four hours’ incuction m- I 

* I  

r loop after twenty- 

(, +blood-extract . * I  . Tryptamine broth. . . 
,, +spleen broth . 

Idat broth +peptone . . . 
,, +tryptamine . . i 

I 

a,. 

55 

0 
W 

W 

... 

... 
-- - 

Gal. 
-_ 

60 

I 
0 ;  
W 

w !  
,I50 ’ 

W 
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1 0, 

1 Tryptamineagar . . . . . - 1  1 0  

!__-___ 

Tr tamine y + 10 per cent. blood, coag- 1 + + + 
atad and 4 by g h  wool 

The same, c l a d  through fllter paper . . i o  

Experiment 8.-E#ect of Blood Corpuscles, Serum, and Whole Blood. 
That made with whole blood is ordinary T.B.E. agar. Portion of eame blood 

centrifuged and agan prepared from corpuscular and serum portiona respectively. 
S l o p  examined after twenty-four h o w '  incubation. 

0,. a,. 
-~ 

0 0 

+ + +  +++  

0 0 

4 4 .  

____ 
Whole blood (T.B.E) . . +++  SQcOlOnied 

+ 0 
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Experiment 8.-E#ect of Blood Corpuscles, Serum, and Whole Blood. 
That made with whole blood is ordinary T.B.E. agar. Portion of eame blood 

centrifuged and agan prepared from corpuscular and serum portiona respectively. 
S l o p  examined after twenty-four h o w '  incubation. 

Rpedm&t O.-Ef& of Filtration of T.B.E. Agar through Paper. 
Dilution sowingn. S l o p  examined after twenty-four houm 

THE PBEPaRanON OF TBYPTAMINE-BLOOD-EXTRACT AGAR 
(" T.B.E. AGAR 'I). 

To 1 volume of Cole and O11810w's stock broth add 2 volumea of tap water, 
and render the mixture distinctly acid to litmus by the cautious addition of 
strong hydrochloric acid. Add agar (powdered or fibre) to make 2 per cent. 
Dissolve by steaming and filter according to the uaual laboratory procedure. 
To every 500 C.C. of the agar at the temperature of 65' to 70' C. add 50 C.C of 
defibrinated sheep's blood and one egg-white, well beakn. The addition of 
the egg-white in found to seekt in the subsequent formation of the clot and 
materially to improve the final yield. The mixture should be transferred to 
(Ehrlenmeyer) hake, and must be steamed for forty-five to sixty minutee. The 
best yield is obtained by steaming in volumes not greakr than one litre. The 
bulk of the clot can be very rapidly removed by straining through a h e  wire 
sieve, the clot being squeezed by a g l w  plate or clock glass The final clear- 
ing is effected by streining through a mat of glaes wool supported on a 
perforated filtering disc in an ordinary funnel, the whole being kept hot by 
means of a hot-wakr funnel. On no account must jiltsr paper or cotton wool 
be employed. 

Adjwtmnt of the R-azdWn. 
Ten C.C. 

of the hot agar are measured into 40 C.C. of cold distilled water and well mixed. 
Ten c c .  of this are treated with ten d r o p  of 0.6 per cent. phenol-phthalein in 
50 per cent. alcohol, and titrated with N/20 sodium hydroxide from a micro- 
burette until the 881118 tint of colour is obtained as that given by 10 cc of a 
standard borate solution of PR=8*4, also treated with ten drops of phenol- 
phthalein. The visual effect of the agar is eliminated by viewing the borate 

We use the comparator described by Cole and Onslow (19165). 
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solution through a tube of the diluted agar, which is placed in one of the 
grooves of tho comparator. A tube of distilled water is placed behind the 
agar that is being titrat&. 

The volume of N!20 NaOH required for 10 C.C. of the 1 in 6 agar 
multiplied by 26 gives the volume of normal soda that ha8 to be added to one 
litre of the undiluted agar to give a reaction P, = 8.4. From the table given 
below the initial P, of the agar and the volume of normal soda per litre required 
to bring it to any desired PH can be obtained.' 

It is advisable to make duplicate titrations. 

3 . h  of N/1 NaOH per 
litro to give PEG8'4. 

3.c. of N/1 NaOH per 
litre to give P ~ = 8 . 4 .  Initial 

23.0 
22'2 
21 *3 
20.3 
19.3 
18.2 
17.1 
16.9 
14.8 

Initial PE. 

6 -7 
8 '8 

:I 6.9 
7 -0 
7 -1 
7 '2 
7.3 
7.4 
7.5 . 

- I 
18'3 
11'9 
10.5 
9 '0 
7 '4 
6 -7 
3'9 
2 '0 

7 '6 
7 '7 
7'8 
7 '9 
8 Q  
8'1 
8 '2 
8 '3 

BORATE SOLUTION, P, = 8*4.-Dissolve 7.715 grms. of pure crystalline 
boracic acid in about 700 C.C. of distilled water to which has been added 
62.2 C.C. of N / l  SaOH. Add 37.8 c.c of N/1 EICl and make up to 1 litre 
with distilled water. 

An approximation to the above results can be obtained by titrating the 
whole of the 60 C.C. of diluted agar, to which have been added ten drops of 0.5 
per cent. phenol-phthalein with 37/10 NaOH to the first very faint but just 
definite pink colour. The volume used multiplied by 10 gives approximately 
the amount of X/l  soda per litre required to bring the reaction to PB = 8.3. 

The amount of soda necessary to bring the reaction to P,= 7.6-is added. 
The medium is now ready to be tubed and sterilised. lt is probably better 

to do this by the intermittent method of steaming for fifteen minutes on three 
successive days. For most purpoeee we generally sterilise by steaming in the 
autoclave for five minutes, raising the pressure to 10 Ib. per square inch, i.e., 
obtaining a temperature of 116" C. and cutting off the heat as won as this 
point is reached. 

After sloping the tubes must be incubated at 37' C. for twenty-four houls. 
If they are kept several days befora inoculation, this preparatory incubation 
may be omitted. 

THE PREPARATION OF TRYPTAMINE-BLOOD-EXTRACT BROTH 
(I' T.B.E. BROTII "). 

Add 167 cc. of 
Cole and Onslow's stock broth, 60 C.C. of defibrinated sheep's blood, and one 
egg-white, well beaten. Steam for an hour. Strain off the clot by means of 
a fine wire sieve, squeezing the clot well by means of a glaas plate. Cool to 
45' and measure. TO every 100 C.C. add 2 C.C. of the pancreatic extract 
employed by Cole and Onslom (1916 6), or of any other suitable trypticprepara- 
tion. Place the mixture in a tall cylinder and allow it to stand at room 
temperature over night. Syphon off the clear fluid, which must not be filtered 

1 Thus if 19.3 O.C. of N/1 NaOH per litre M required to bring the reactiou to P ~ z 8 . 4 ,  
the original PE ie 7'1. The volume of N/1 EK& required to bring it to P ~ = 7 . 6  ia 
19.3 -13.3~8 C.C. pcr litre. 

Dissolve 15 grms. of gelatin in 333 C.C. of tap water. 
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through filter paper. The liquefaction of the gelatin can also be effected by 
incubation for two or three hours at  37' C., but the resultant broth obtained 
by this method is apt to be cloudy. 

The Adjustment of the Reaction. 
The uethod is the same as that deacribed by Cole and Onslow, with the 

exception that the h a l  end point required is PH=7-6. To obtain this the 
following phoephata mixtures are employed. 

PEOSPHATE MIXTURE, Pa = 7 * 6 6 . - h l v e  10.215 grm. of pure dieodium 
phosphate (Na,HPO,, 2H,O) and 1.271 grms. of pure mono-potassium 
phosphate (KQPO,) in dietilled water, and make up the volume to 1000 QC. 
with freshly boiled distilled water. To 100 C.C. of the phosphate solution add 
10 C.C. of an 0.01 per cent. solutiou of phenol-sulphone-phthalein, stopper, and 
keep in the dark. 

PHORPHATE &XTURE, PH=7.66.-Di~lve 10.51 grms. of the disodium 
phosphate and 1.044 grm. of the acid potassium phosphate in distilled water, 
and make up the volume to 1000 cc with freshly boiled distilled water. To 
100 C.C. of the phosphate solution add 10 C.C. of the indicator, stopper, and 
keep in the dark. 

Substituting these eolutions for those used by Cole and Onslow the 
procedure ir exactly the same as they have described. It is advisable to cbeck 
the adjustment after the calculated amount of acid or alkali has been added to 
the bulk of the medium. 

Sterilise by steaming or autoclaving as described above. 
We employ this medium mainly for teeting fermentation reactions, since it 

The sugars are employed in 1 per cent. 
As indicator we add 4 C.C. per cent. of a 0.04 per cent. 

is practically mgar free and colourlese. 
concentration. 
solution of phenol-sulphone-phthalein. 

THE PREPARATION OF "BYPTAMINE-SPLEEN BROTH. 
Remove the capsule from a bullock's spleen (milt). Mince the pulp and 

For every 100 grms. of pulp take 200 C.C. of water and 9 grms. of 
Dissolve the gelatin in the water, cool to 40" C. and add it to the 

For every 1000 grma of spleen pulp 
Add also one egg-white for 

Strain through a 
Render the reaction faintly alkaline to litmue, cool to 46. c. 

To every 100 C.C. add 2 C.C. of the pancreatic extract mentioned 
Place the mixture in a tall cylinder and allow to stand at room 

Syphon off the clear fluid and measure. To every 
Adjust the reaction to 

Tube and stedim by the inter- 

weigh. 
gelatin. 
pulp. Incubate for two hours at  37' C. 
taken add 20 cc. of defibrinatad sheep's blood. 
every 600 C.C. of the total mixture. 
fine wire sieve. 
and measure. 
above. 
temperature over night. 
100 cc. add 60 C.C. of Cole'and Onelow's stock broth. 
P,=c(-6 as described for the T.B.E. broth. 
mittent method. 

Steam for an hour. 

"HE PBEPARATION OF TRYPTAMINE-SPLEEN-BLOOD AGAR. 
Prepare tryptamine-blood-extnrct Bgar, a8 described above, except that 

To 200 cc. of .this add 100 C.C. of the tryptaminespleen-broth, also 
2 5  per cent. agar is employed. 

adjusted to PA = 7.6. 

Adjust the reaction to PH = 7.6. 

Tube and aterilise. 

MATURATION OF THE AGAR MEDIA. 
There are several references in the literature to the fact tha t  

freshly prepared solid media which are not suitable for the culture of 
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the gonococcus may become 80 after a period of drying. Warden 
(1 9 15 B), using a medium composed of 2.2 5 per cent. agar dissolved in 
salt-free veal broth, neutral to phenol-phthalein, states that the tubes 
should be dried in the desiccator or a dry room at 37” C. until all the 
water of condensation has evaporated. Hall (1916 lo), using an agar 
made from an infusion of teeticle, says: “After eterilisation the 
slanted tubes were left in the incubator at 3’7” C. for three days, a 
point shown to be neceseary by ample experience.” Martin (1911 9, 
uaing a beef-extiwt-peptone-serum agar, announces somewhat vaguely 
that the agar slopes should have a ‘‘ moderate amount’’ of water of 
condensation, “ too moist or too dry is a fault.” Picker (1906 9, 
using Thalmann’s medium, stands alone in maintaining that for 
subculture it is best to use moist slopea as freshly set as possible. 

We have found with our tryptamine-blood-extract agar, that a 
certain interval of time should be allowed to pass after the slopes or 
plates have set if the beat results are to be obtained. This time 
interval varies with the tempeiature, twenty-four hours a t  3’i°C., or 
three or four days at room temperature, being sufficient. The effect 
of this maturation is shown in the following experiment :- 

Slopes matured foarteen days at mom tern. 

S l o p  matured twenty-fonr horn at 3f” C. . 
F - b  

Slopes nown immediately after aetting , . 

Experiment lO.-The In$wnce of the Age of the Surface. 
Dilution sowinge : medium, T.B.E. Agar. 

+ + + + + +  60coloniea 

. + + + + + +  50 ,, 
+ (+) I 0 , I  

-. 
I I I I 

I I- I-- -- 

I , 

The importance of maturing the medium before incubation is 
&own to an equal extent both in primary and secondary culturea 
Petri dishes poured for primary inoculation ahould be allowed to set 
with the lids on, and then to stand inverted for a t  leaat twenty-four 
hours in the incubator before use. 

At the preaent moment we do not feel satisfied that the 
phenomenon of the Iuaturatiou of the surface is to be amribed simply 
to low of water. The relationship between adsorption and surface 
tension suggeste other explanations. It is quite conceivable that the 
agar can fix a large proportion of adsorbable hormones in such a way 
that they are not available for the developing organisms, and that 
“ maturation ” is due to a gradual increase of the adaorbable hormones 
at  the surface between the agar and air. It is worthy of note that an 
increese in the concentration of the agar leads to an appreciable 
decrease in the quality of the medium. 
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It is an interesting fact that in many of our leee eatisfactory 
media, growth, if it occurred at all, only showed at the extreme upper 
edge of the elope. This area is often crowded with large numbers of 
very minute colonies, which ehow little tendency to increase in size. 
It is an equally striking fact that the moat luxuriant growth is always 
to be found juet above the condensation fluid, and the importance 
of maintaining the cultuwe moist, if a prolonged viability ie desired, 
ie emphaeised by every writer in the literature with the single ’ 

exception of Warden. 

THE INFLUENCE OF SALT, GLUCOSE, GLYCEBOL, AND UBEA. 
The influence of the addition of the u e d  0.5 per cent. of sodium 

c h W ,  when preparing a medium for the gonococcue, has frequently 
been coneidered unfavourable. Veddar (1 9 1 5  =), Warden (1 9 1 5  =), 
and Roos (1916 17) all uee salt-free meat extracte in preparing their 
media. Thalmann (1900 m), however, adds 0.5 per cent. of NaCI, and 
Wertheim’s medium (1891 2”) containe the normal prcrportion of aelts. 
Martin (1 9 1 1 ‘3, Hirechfelder (1 9 14 11), and Hall (1 9 16 lo) replace the 
sodium chloride with sodium phosphate on account of it8 etabilieing 
iduence on the reaction. 

Our own experiencee on the influence of the concentration of NaCl 
are somewhat indefinite. Our T.BE agar containe about 0.3 per 
cent. We find that the addition of a further 0.3 per cent. is ueually 
deleterioue to initial growth, though the effect is not very marked. 
With media acid to the optimum we generally get an improvement by 
adding the extra ealt. 

We bave made a number of experiments on the results obtained 
on adding glucoecr to culture media for the gonococcue. We find both 
for agar media and for brothe that the addition of 1 per cent. hae no 
influence on initial growth, but that it considerably ehortene the 
viability of the cultures. We therefore omit glucose from our 
media. 

Our results with glycerol auggeet that a t  the reaction which we 
ordinarily emplay (PH = 7.6) the addition of 1 per cent. ie deleterioue 
to initial growth, but that in media acid to this the addition has a 
beneficial effect. It seems to be without influence on the viability of 
broth culturea In the article on the gonococcue by J. Koch in Kolle 
and WmrmannJs  (( Handbuch der Pathogenen Mikroorganiemen,” it 
is stated that all the media described for the organiem are improved 
by the addition of glycerol. It Beeme posaible that the influence of 
this substance may vary with other factors in the medium. 

Several eete of carefully controlled media were prepared, eome of 
which contained varying concentrations of UTUZ. We found that in a 
concentration of 2 per cent. it is most dietinctly inimical to initial 
growth. 
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CULTURAL  CHARACTERISTIC^ AND VIABILITY. 
The viability on slopes depends partly on the thickness of sowing. 

With a thick sowing it ia not very great. Subcultures taken on the 
third day occasionally fail to develop, and the viability of such sowinga 
does not appear usually to extend beyond six or seven days. On our 
tryptamine-blood-extract agar direct inoculations give, after twenty- 
four hours’ incubation, a good growth over the whole surface of the 
slope. It can be easily 
picked up with a needle, ie slightly slimy in consistency, but can be 
emulsified without much difticulty. Stained by Gram’s method, films 
show well-shaped deeply stained diplococci, uniformly Gram-negative 
in character. After forty-eight hours’ incubation the growth has changed 
somewhat in character: it is exceedingly slimy, difficult to pick up on 
a needle, and almost impossible to emulsify smoothly. The films are 
still Gram-positive, but show many poorly stained cocci and iiivolution 
forms. Subcultures on to our spleen media show the same general 
characters, but the growth is always denser and more opaque. 

Dilution sowinga on to agar media made in such a way that well- 
ieolated colonies are obtained have a much longer viability than direct 
sowings. The colonies on the primary plates are often viable for four 
days, frequently longer. On plates not too densely sown they will 
grow to a diameter of 1.5 to 2 mm., especially on the edges of the 
streaks, where they are removed from the bactericidal action of the 
pus. In subcultures on to T.B.E. s l o p  isolated coloniea will continue 
to grow for six or seven days, frequently attaining a diameter of 5 mm., 
and occasionally 8 mm. The 24-hour colonies appear as small 
translucent hemispheres readily viaible to  the naked eye, about 0.5 mm. 
in diameter. After forty-eight hours they have grown considerably, 
are about 2 mm. in diameter, and begin already to show the concentric 
annular niarkings described and illustrated by Martin (1911 14). 
After three or four days the colonies begin to show on the surface of 
the parent colony. On our T.B.E. agar, the colonies remain 
permanently of a flat and translucent chaiwter. On spleen-agar 
slopes the growth is denser, the colonies are thicker and much more 
opaque. For this reason the characteristic concentric markings are 
not BO readily seen. It should be noted that it is our routine custom 
to keep the slopes in a moist incubator. 

Stab-cultures of the gonococcus are the moat useful form of 
subculture for keeping a strain in stock. The growth takes place 
outwards from the point of inoculation, gradually covering the surface 
of the stab. In  the track of the needle the growth ie somewhat 
delicate: it generally extends to the bottom of the stab. In  the 
upper part the growth is considerably heavier a t  the margin, which 
shows a characteristic crenated edge. 

The viability of the gonococcus in stabs of our tryptamine-bld- 

The growth is colourleae and translucent. 
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extract agar is very prolonged. Of eight stabe (G2 to G,) sown on 
9th January, sealed with rubber cap and kept in the incubator at  
36O.5 C., all except G, gave subculturea on 17th March, i.c., after 
sixty-seven days. We have frequently attempted eubculturea from 
stabs fifteen weeks old, and have rarely failed to obtain growth. On a 
few occasions when direct subculture with a needle on to a elope has 
been unsucce8sful, we have recovered the strain by pouring a little 
sterile spleen-blood-extract broth on to the top of the agar, raking the 
stab thoroughly with a needle and incubating for twenty-four hours. 
From the broth culture obtained, slope cultures are made in the usual 
way. Wo have not tested stab-cultures more than sixteen weeke old, 
but believe that in most casea their viability would be found greatly to 
exceed this time? 

The viability in our T.B.E. broths k good, though not so prolonged 
as in the stab-cultures. It is important to prevent the broth from 
evaporating too much by the use of rubber caps. A viability of three 
weeke is, however, frequently obtained by leaving the tubee without 
c a p  in a moist incubator. We have had three strains, G,, GB, 
and Go, giviug good subcultures after six weeka The growth in these 
tubes is never very heavy. The broths become cloudy but not turbid. 

The viability 
seeme, however, to be about the same, i.e., about three weeke. The 
growth is very characteriatic. The uninoculated spleen broth separates, 
on standing, or on incubation, into two layers : an upper mobile, clear 
layer, and a lower viscous, cloudy layer. In the tubes inoculated with 
the gonococcue a heavy flocculent veil of growth appears at  the inter- 
face of these two layers. The upper layer of the broth remains perfectly 
clear, though in narrow tubea a secondary veil may form over the free 
surface. 

In the spleen broth the growth is always very heavy. 

The lower layer of the fluid becomes turbid with growth. 

FERMENTATION REACTIONS OF m GONOCOCCUS. 

We have used tryptamine-blood-extract broth, aa described above, 
for examining the fermentation reactions. Phenol-eulphone-phthalein 
was taken as indicator for the reamne euggeated by Cole and Onsloa 
(1916 ”). G l u m ,  galactose, maltose, and eucro88 were the only 
augers tested. It ie advkble to inoculate the tubea rather heavily 
from 24-hour agar slopes. 

Glucose broths become definitely acid, in m a t  c88e8 within twenty- 
four hours, and in all am within forty-eight houre. 

Qalactosc is also fermented, but the acidity developed in not 80 
great as that in the caae of glucose. The colour change ie, however, 
quite definite. A control tube should always be incubated with the 
inoculated tubes. 

half months. 
1 Since writing this we have found thit the viability in some CWB exceeds five and B 
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Mdtose and Sucrose generally show no colour change for forty- 
eight hours, but if kept longer there is usually a deepening of the pink 
colour, indicating the production of alkali. 

It should be noted here that Wollstein (1907 "B) isolated ten 
strains of gonococcus from cases of infantile vaginitis. All her straim 
fermented maltose. Her strains grew readily on ordinary agar, 8nd 
her resulte differ so markedly from those obtained by us and from 
those recorded by Dunn and Gordon (1905 ') as to make it possible 
that the infection waa due to a special group of cocci that differ 
somewhat from those responsible for the usual acute gonorrhaeal 
urethritis. Broughton Allcock's aberrant strain (1 9 15 7 that grew 
readily on ordinary agar only fermented glucose in ordinary meat- 
peptone broth. Ae we have stated before, we isolated an organism 
which we considered to be gonococcus until we tested its fermentation 
reactions and found that it actively fermented all four sugars 
employed. It is probably of the same c l m  as the Gram-negative 
COCCUB isolated from normal urine by Dunn and Gordon. 

Our strain GI, waa isolated from the cerebro-spinal fluid of a case 
that waa suspected to be due to the meningococcus. Its fermentation 

Index of strains. 

StlUill. Dab of Isolation. 

Ootober 1916 
November 9, 1916 

J 9  gJ J J  

S ,  1 4 J  J 9  

I >  14, I J  

) I  17J 9 9  

21, 9 J  

DeceGber12, ,, 
Febrnarv 1916 
Januaryl, 1917 

1917 

FedAmy $17 
13,1917 

I J  

,, 23, y917 

Nature of Case. 

Acute nrethritis. 
J I  

, I  

9 ,  

9, 

1 J  

I J  

ArtbritiR), from elbow joint. 
Xeningitie, from C.8. fluid. 
Acute urethritis. 

I J  

J, 
, I  

I J  

I ,  

I ,  

, I  

I J  

,$ 

Chronid hrethritis. 
Acute urethritis. 

J, 

G,,, G,, and Gu were $ven to us by Col. L. Harrison of the Military Hospital, 
Rocbeater Row, Lon on. 

G,, was given to UB by Lieut. H. H'. C. Vines of the Pathological Idmrato Cam- 
bridge. The remainin mtraine were isolated by UB from material l a c p a t  our 
dis ml h Captain dachlaohlan of the Cherryhinton Military &pita& Cam- 
bri$s. w e  desire to erprsas our indebtedness to these gentlemen for so kindly 
wieting ne in every way. 
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reactions and cultural characteristics agree perfectly with thoee of our 
other twenty-three strains of gonococcus and differ sharply from the 
few strains of meningococcus that we have tested. Them all ferment 
mdtoee in twenty-four hours. 

Our experiencee ivith the Gram-negative diplococcus mentioned 
above, which we called G, for many montha h a  led us to the routine 
use of glucose, maltose, and sucrose broths for the confirmatory 
diagnosis of suspected organisms. 

SUMMARY. 

The preparation of aterilieable, translucent agar media for the 
propagation of the gonococcus and of broths for rapidly bating 
fermentation reactions is described. 

It ie suggested that the fermentation reactions of all suspected 
organisms in glucoee, maltose, and sucrose should be teated. 

It is claimed that the important factore necessary for the artificial 
propagation of the gonococcus are- 

1. A suitable hydrogen-ion concentration. 
2. A high concantration of free amino-acids. 
3. The preeence of certain special “growth hormones.” 
The technique of retaining these growth hormonee in solution after 

the heat coagulation of blood and tissues ia deecribed. 
The effect of variations in hydrogen-ion concentration on viability 

is d i e c d .  It is suggested that too high a concentration inhibite 
initial growth, whereaa too low 8 concentration favours subsequent 
autolysia. 
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